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Abstract
Aim: Although limited risk factors were observed with the accumulated evidence during the SARS-CoV-2 (COVID-19) pandemic, there is still a lack of evidence 
for markers distinguishing asymptomatic-mild disease from severe disease. In this study, we aimed to evaluate the prognostic impact of sarcopenia and vis-
ceral adipose tissue in ICU patients treated for COVID-19. 
Material and Methods: The study designed as a retrospective cross-sectional study for evaluating the effect of prognostic radiologic features in COVID-19 
infected patients. The patient characteristics, intubation status and dates, transfer to ICU, and last control or death dates were recorded. Axial CT images, 
including all abdominal muscles, total skeletal muscle area, were calculated. The total and psoas sarcopenia index (PSI) was calculated by dividing the square 
of the patient’s height by the square meter (cm2/m2). Also, axial CT images of the body fat subcutaneous adipose and visceral adipose tissue distribution areas 
were calculated in cm2 using threshold values of -30 to -190 for adipose tissue.
Results: In the study population, there were nine deaths that occurred among male patients. In univariate analysis, chronic obstructive pulmonary disease 
and PSI were found to be related to prognosis. The median survival was 14 days in PSI low group. The prognostic effect of the PSI was still valid in the male 
population. Other factors had no relationship with survival in univariate analysis. In multivariate analysis, the prognostic effect of TSI and PSI was related to 
prognosis, while COPD lost its prognostic effect.
Discussion: In this study, we found a new prognostic factor in critically ill COVID-19 patients, which may be a new area of interest. In contrast to other studies, 
we found no effect of BMI and visceral adipose tissue on mortality in COVID-19 patients treated in ICU. This feasible method needs further evaluation and 
validation with prospective studies in a large patient population.
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Introduction
SARS-CoV-2 (COVID-19) is a single-stranded RNA spherical 
virus which has glycoprotein spikes [1]. Multiple subtypes of 
coronaviruses have the capability of infecting humans. The 
major subgroups which have severe infection capacity are 
COVID-19, MERS, and SARS-CoV-1 [2]. The primary target of 
the COVID-19 is angiotensin-converting enzyme-2 (ACE-2) 
located on the alveolus and ciliated bronchial epithelium. Air-
borne droplets were shown to be the direct dissemination way 
of the viral particles [3]. Cough, fever, and shortness of breath 
are the most frequent symptoms of the disease. It has been 
reported that myocardial damage, respiratory and renal failure 
are the leading reasons for death in COVID-19 patients [4]. 
Approximately 200.000 deaths, confirmed by the World Health 
Organization, occurred related to COVID-19 till April 25, 2020 
worldwide [5]. 
According to the literature, the groups most affected by 
COVID-19 were immunocompromised and older adults. High 
rates of respiratory failure during the disease are the major 
problem in COVID-19 infection [6]. Although limited risk 
factors with the accumulated evidence were observed during 
the pandemic, there is still a lack of evidence for markers 
distinguishing asymptomatic-mild disease from severe disease 
[7]. 
Catabolism of the main skeletal muscle proteins is a frequent 
phenomenon for chronic conditions such as cancer and chronic 
obstructive lung disease [8]. Also, cachexia is known to be 
related to increased mortality in cancer patients [9]. Differences 
in body composition between males and females have been 
observed in previous studies in both healthy subjects, patients 
with cirrhosis, or cancer. Muscle tissue was enlarged in males, 
while females had enlarged adipose tissue [10]. Sarcopenia is 
one of the new areas of interest in cancer patients in relation 
to a clinical marker [11]. Obesity, according to body mass index 
(BMI), is associated with a decreased treatment response in 
breast cancer patients [12]. Obese patients are not uniform; 
some patients remain metabolically stable, which is called the 
‘obesity paradox’ [13]. In addition, sarcopenia can be masked by 
increased BMI, which leads to the phenomenon of sarcopenic 
obesity [14]. For these reasons, BMI is not a reliable marker for 
estimating body composition and disease prognosis. 
A new study reported that increased BMI might be related to 
increased mortality in patients hospitalized for COVID-19 [15]. 
Computed tomography (CT) is a reliable method to evaluate the 
muscle quality and adipose tissue [16]. 
To our knowledge, there are no studies investigating the 
prognostic effect of sarcopenia in critically ill patients 
hospitalized for COVID-19. In this study, we try to evaluate the 
prognostic impact of sarcopenia and visceral adipose tissue in 
ICU patients treated for COVID-19.

Material and Methods
Study Participants
The archive records of patients, who were diagnosed with 
COVID-19 between 11th March 2020 and 15th June 2020 at the 
Eskişehir City Hospital Intensive Care Unit, were retrospectively 
analyzed. Patients with COVID-19 were diagnosed using PCR. 
Oropharyngeal and nasal swabs were obtained in PCR samples. 

Patients who do not have PCR testing or have inadequate 
diagnosis were excluded. Patient characteristics, height, weight, 
comorbidities such as diabetes mellitus (DM), hypertension 
(HT), chronic obstructive pulmonary disease (COPD) and 
coronary artery disease (CAD), smoking status, diagnosis, 
intubation status and dates, transfer to ICU, and last control or 
death dates were recorded. The exclusion criteria were lack of 
adequate diagnosis, CT images, and follow-up. 
Ethics
The study was approved by the Turkish Ministry of Health and 
the Ethics Committee of the Faculty of Medicine at Eskişehir 
Osmangazi University (approval number 2020/277) and was 
carried out in accordance with  the Declaration of Helsinki 
principles and all applicable regulations.
Statistical analysis
Statistical analysis of the study was performed using SPSS 
software (Statistical Package for the Social Sciences, version 
22.0, SPSS Inc, Chicago, IL). Descriptive data were presented as 
either means or median for continuous variables, frequencies 
and percentages were reported for categorical variables. ROC 
analysis was performed to determine the optimal cut-off value, 
but if an optimal cut-off value cannot be determined, the median 
values will be used in the statistical analysis. Pearson’s X2 test 
was used to assess the associations in categorical variables. 
OS curves were estimated by the Kaplan-Meier product-
limit method. Life tables were established to determine the 
proportional survival analysis. 
Body composition assessment and CT analysis
The first CT images obtained in the emergency room or in 
the patient’s clinic were used in the study to avoid calculating 
COVID-19 induced sarcopenia. On axial CT images, including 
all abdominal muscles (psoas, erector spinae, quadratus 
lumborum, external and internal oblique, and rectus abdominis), 
total skeletal muscle area (SMA) was calculated from the third 
lumbar vertebrate (Figure 1). The total and psoas sarcopenia 
index (TSI-PSI) was calculated by dividing the square of the 
patient’s height by the square meter (cm2/m2). Also, axial CT 
images of the body fat subcutaneous adipose and visceral 
adipose tissue distribution (VAT, SAT) areas were calculated in 
cm2 using threshold values of -30 to -190 for adipose tissue  
(Figure 2).

Results
Thirty-six patients were included in the study. Four patients 
were excluded due to a lack of adequate imaging procedures. 
The counts of male and female patients in the study were 28 
and 8, respectively. The median age of the study population 
was 68 years. The median weight, height, and BMI of the study 
population were 80 kilograms, 1.7 meters, and 26,8 kg/m2, 
respectively. The demographic features of the study population 
are described in Table 1.
In the study population, there were nine deaths that occurred 
among male patients. No death was observed in female 
patients. In univariate analysis, COPD and PSI were found to 
be related to prognosis (p=0,001, p=0,010). Although median 
survival was not reached in the high PSI group, PSI had a 
relationship with prognosis (Figure 3). The median survival was 
14 days in the low PSI group. The prognostic effect of the PSI 
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was still valid in the male population. (p=0,007) Gender, DM, 
HT, CAD, TSI, VAT, BMI (categorized for both 25 and 30 kg/m2) 
had no relationship with survival in univariate analysis (Table 
2). In multivariate analysis, the prognostic effect of TSI and PSI 
was related to prognosis, while COPD lost its prognostic effect 
(p=0,044; p=0,035; p=0,33).

Table 2. Univariate analysis of the features of the study popu-
lation

Figure 1. Area measurements of the paraspinal, psoas, and abdomi-
nal wall muscle groups at the third lumbar vertebra level (green areas)

Features n (%) n (%)
p-value

Gender Male Female 

28 (77) 8 (23) N/A

Age (years) 72 66 0,16

Weight (kg) 80 80 0,74

Height (m) 1,75 1,60 0,008

BMI (kg/m2) 25,6 30,3 0,22

DM 11/28 (39,3) 4/8 (50) 0,58

HT 7/28 (25) 4/8 (50) 0,17

Coronary Artery Disease 5/28 (17,9) 2/8 (25) 0,65

COPD 8/28 (28,6) 0/8 (0) 0,08

Rheumatic Disease 1/28 (3,6) 1/8 (12,5) 0,06

Chronic Corticosteroid Utility 1/27 (3,7) 1/8 (12,5) 0,34

Typical CT images 27/28 (96,4) 7/8 (87,5) 0,33

Total adipose tissue (mm2) 432,3 504,5 0,22

Visceral adipose tissue (mm2) 244,3 216,5 0,68

Subcutaneous adipose tissue 
(mm2) 173,6 274,7 0,22

Total muscle area (mm2) 144,5 99,2 0,045

Psoas muscle area (mm2) 13,7 7,5 0,006

Total Sarcopenia index 45,9 38,1 0,22

Total Psoas index 4,1 2,7 0,26

BMI: Body Mass Index, DM: Diabetes Mellitus, HT: Hypertension, COPD: Chronic Obstructive 
Pulmonary Disease, CT: Computed Tomography

Table 1. The comparative features of the study population ac-
cording by gender

Features
p-value

Gender Male Female 

Median OS (days) NR NR 0,13

DM Yes No

Median OS (days) 47 NR 0,45

HT Yes No

Median OS (days) NR 47 0,74

CAD Yes No

Median OS (days) NR NR 0,67

COPD Yes No

Median OS (days) 12 NR 0,001

PSI Low High

Median OS (days) 14 NR 0,010

TSI Low High

Median OS (days) NR NR 0,18

VAT Low High

Median OS (days) NR NR 0,4

BMI (cut-off 25) Low High

Median OS (days) NR NR 0,46

DM: Diabetes Mellitus, HT: Hypertension, CAD: Coronary Artery Disease, COPD: Chronic 
Obstructive Pulmonary Disease, PSI: Psoas Sarcopenia Index, TSI: Total Sarcopenia Index, 
VAT: Visceral Adipose Tissue, BMI: Body Mass Index, NR: Not Reached

Figure 2. Combined image of visceral adipose tissue (green-blue) 
and subcutaneous adipose tissue (red) in the range of -190 to -30 HU 
at the level of third lumbar vertebra 

Figure 3. Patient survival chart by PSI category
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Discussion
To our knowledge, this is the first study that evaluates the 
prognostic effect of sarcopenia in ICU patients. In our research, 
TSI and PSI were found to be an independent risk factor in 
COVID-19 infected ICU patients.
COVID-19 is known to have high mortality in the geriatric 
population. Conditions such as sarcopenia and frailty are 
frequently seen in the elderly [17]. Sarcopenia is defined as the 
loss of a prominent muscle tissue that is related to increased 
vulnerability to stressors [18]. Previous studies have shown 
a relationship between sarcopenia and ICU mortality [19]. 
Interestingly, COVID-19 infection was found to induce weight 
loss in animal models via interferon-gamma and tumor necrosis 
factor-alpha. This effect disappeared after the treatment [20]. 
Regulations, including social isolation during the pandemic, 
were strictly applied, especially to the elder population, 
which may accelerate muscle loss in a short period. Also, 
chronic conditions such as DM and COPD are responsible for 
sarcopenia in this group [21]. Although some new reports have 
been published, which have shown a relationship between high 
BMI and poor outcome in COVID-19 infection, no literature is 
available investigating sarcopenia in this condition. The death 
rates were higher in countries with a high prevalence of obesity, 
such as the United States of America (USA), Canada, the United 
Kingdom, and Mexico. This phenomenon was speculated to 
be related to sarcopenia, DM, CAD, increased function of the 
renin-angiotensin-aldosterone system (RAAS), obstructive 
sleep apnea, and deficiency of vitamin D. In the USA, a single-
center experience showed that obesity and male gender are 
independent risk factors for COVID-19 infection [15]. In addition, 
a study investigating patient outcomes in China reported more 
symptoms and a severe disease course with increasing BMI 
[23]. In contrast to this literature, we did not found a significant 
relationship between BMI and COVID-19 infection, which might 
be related with sarcopenic obesity phenomenon. This result was 
supported by increased BMI but low mortality in female patients 
in the study population.  Also, increased visceral adipose tissue 
was speculated to be a reservoir to the virus, which might induce 
an abnormal cytokine release and cause a poor outcome [24]. 
In our study, we found no relationship between visceral adipose 
tissue and increased mortality in critically ill patients. Although 
obstructive sleep apnea might be related to increased mortality 
due to obesity, no data were available in our study [25]. 
The limitations of this study were the small sample size, and 
the retrospective nature of the study made it hard to evaluate 
the outcomes. Although the first images were used to assess 
sarcopenia on CT images, the early period of the disease 
might affect the body composition. No deaths were observed 
in female patients, which might inflict the strong prognostic 
effect of sarcopenia in this patient group.
Conclusion
In this study, we found a new prognostic factor in critically 
ill COVID-19 patients, which may be a new area of interest. 
In contrast to other studies, we found no effect of BMI and 
visceral adipose tissue on mortality in COVID-19 patients 
treated in ICU. This comfortable and applicable method needs 
further evaluation and validation with prospective studies in a 
large patient population.
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